This paper presents a methodology and some results on the dynamic stability of an elastic rotating system consisting of one-and twodimensional members. These parts may contain different kinds of unsymmetries: either from mass-or stiffness imperfections or from anisotropic especially hydrodynamic bearings. The equations of motion are formulated using virtual work and an Finite Element approach. Special attention is paid to a kinematically consistent coupling of the elastic shell and disc. The eigenvalue extraction is based upon the method of Lanczos including a modal reduction and a correction process in order to ensure true diagonal system matrices. Some typical results for a shaft-disc-shell system with different bearings and imperfections are presented in detail.
INTRODUCTION
Rotating elastic systems including thin cylindrical shells, discs and shafts are widely used in mechanical, aeronautical and marine engineering. Modern design of electrical Lmachines, for example, includes thin-walled bell-type rotors preferably made of composite material in multilayered mode. The elasticity of such shells may have a significant influence on the overall dynamic behavior of a system like that shown in Fig. 1 . The mechanical and geometric properties of the other parts of the system, too, do effect the stability. From classical one-dimensional studies it is very well known, that imperfections and deviations from any symmetries can cause significant effects on the 33 dynamic stability. This paper presents results for a system with following members:
Rotor shaft with small deviations compared with the ideal round shape of the cross-section. Bell-type thin shell made of homogeneous material, prestressed by the radial acceleration forces with local perturbations; for example caused by a discrete load system with mechanical properties of its own. Elastic disc connecting shaft and shell. This disc is prestressed, too, and may have mass and stiffness imperfections. Anisotropic, for example hydrodynamic bearings.
An overall analysis of such a coupled system has not been published in literature. Results for only parts of this system are especially given for flexible turbine 34 R RUGE and P. SENKER rn FIGURE Elastic rotating system with hydrodynamic bearings and additional pair of discrete masses.
blades and flexible spinning discs in the field of rotordynamics by Sakata et al. [1989] , Staudinger [1993] , Wauer and Seemann [1989] , Steigleder and Krimer [1989] , Omprakash and Ramamurti [1990] , Yano and Kotera [1991] . Other papers like that by Chen and Bogy [1992] are motivated by computer disc drives in contact with a loading system.
A global result of these papers is that the membran stresses in the rotating members have a significant influence on the stiffness of the system; in structural analysis this effect is called "geometric stiffness". Ruge [1990] presented some results for spinning shells with mass imperfections and different multilayered composites but with rigid disc and rigid bearings. There are some few papers dealing with finite perfect cylindrical shells by Suzuki et al. 1991] , with ring-stiffened shells by Huang and Shu [1992] and dealing with true three-dimensional solid and hollow cylinders; Seemann [1992] . The situation for rotating rings is much easier and there are some profound studies by Clemens and Wauer [1985] and Wauer [1987] which confirm experimental results published by Endo et al. [1984] .
Our attempt was to design a numerical tool which allows a true three-dimensional analysis of spinning coupled systems without imposing symmetry or isotropy conditions. We restrict ourselves to the stationary situation with constant angular velocity fl and locally linear behavior of the fluid-film, which is nonlinear in general.
Whatever basis we use for describing the state equations we will eventually get a system of linearized differential 
The vector-product (i3 X) t" 3 is formulated by means of a skew-symmetric or gyroscopic arrangement proposed by Wittenburg [1977] . (5) 
R f>> Mqo.
The part fDB *, too, has been proved to be without numerical influence and finally the quasi static solution qo can be calculated from a simplified equation,
with a constant coefficient matrix, which is not affected by the angular velocity . 
and no more errors concerning regions of stability have been observed.
EXAMPLES AND CONCLUSION
Some typical results for a shaft-disc-shell system already shown in Fig. are The whole elastic system is modelled by n 6279 degrees of freedom. By modal reduction however, as was described in chapter 4, this amount was reduced to r 60 remaining DOF' s without influence concerning the stability behavior within the lower frequency range. [1993] .
It is worth mentioning that there may be significant differences between the stability regions of a system either with rigid or with elastic shell. Fig. 4 shows these differences; first for 2-pads bearings in Fig. 4a, b and then for 4-pads bearings in Fig. 4c, d: The elasticity of the shell causes additional regions of instability and decreases the beginning of these regions. The method choosen to examine instability is Floquet's one. Obviously, different types of hydrodynamic bearings can cause rather different results. The same system, this time with elasticity for each of the three parts but with an oval shaft indicated by
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